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FUSION LIGHTING'S RESPONSE
TO DARS QUESTIONS

/“\i\FUSIOnng h“ ﬂg December 13, 2000

Provide information on the nature of the radiated emissions, including
spectrum graphs, to include in ISM and out of band emissions in the DARS
band of 2320-2345 GHz. In addition, include descriptions of measurement
techniques utilized to obtain the data.

* [Inband and out of band data was presented to XM and Sirius Satellite
Radio at the FCC meeting on October 16, 2000.

» Joint testing of lamps was conducted at PC Test on November 3,
2000. Full report was provided to XM Radio and Sirius Satellite Radio.

Provide information on the radiation pattern to be expected from the installed
lights. What is the direction that the lights are generally pointed?

* |n general, RF emissions will be strongest in the direction that the light
beam is focussed. The reflector provides directionality to both the light
and RF signal.

» Joint testing of the RF beam patterns was conducted at PC Test on
November 3, 2000. A full report was provided to XM Radio and Sirius
Satellite Radio.

» Lamps can be and are pointed in all directions. Outdoor lamps are
primarily focussed downward. Major exceptions are wall washers used
to illuminate buildings and signage at night, which use an up-light
configuration, and area lighting, which uses light pipes where the lamp
is mounted horizontally.

Provide information on the expected deployment, for example, of lighting a
parking lot: how many and how far apart would the lights be deployed? The
number of devices likely to enter the RF environment? The density of their
deployment? The proximity to DARS receivers?

* Fusion’s electrodeless lamps can be made in a wide range of power
levels and lumen packages. We are specifically targeting replacement
of 250, 400 and 1000 watt sodium and metal halide lamps. The sulfur
lamp provides both better nighttime vision and a 30 to 50% energy
savings. We expect the location and density of the Fusion lamp to be
nearly identical to the pattern of lamps now found on streets, highways
and parking lots.

Fusion Lighting, Inc. » 7524 StandishW’lace * Rockville, MD 20855 USA
Tel: 30! 284 7200 - Fax: 301 926 7258
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The annual US market for outdoor lighting systems addressable by the
sulfur lamp is 8,500 million units valued at over 1B dollars. The global
_ market is four to five @mes this number.

For indoor deployment, please provide results of any testing on the
attenuation measured through walls.

» Fusion has no data on attenuation through walls or other obstacles.

Provide description of the excitation methodology for Fusion Lighting RF
lighting devices. Please include information concerning main excitation
frequency of the argon — sulfur mixture, excitation levels required, description
of the actual energy states of the mixture which are being used in this
application.

* Fusion Lighting patents which teach the basics of the sulfur lamp are
provided.

: Lamp including sulfur — Patent No. 5,404,076

‘Apparatus for exciting an electrodeless lamp with an increasing
electric field intensity — Patent No. 5,594,303

:One piece microwave container screen for electrodeless lamps —
Patent No. 5,811,936

:Lamp with light reflection back into bulb — Patent No. 5,773,918

:Compact Microwave Lamps Having a Tuning Block and a
Dielectric Located in a Lamp Cavity — Patent No. 6,031,333.

Provide following information on the physical design: description of the
magnetron and cavity used for excitation; description of the filtering method
used in the design for the exciter and cavity; detailed information on
suppression efforts of current filtering and shielding methods and alternative
designs considered for increased filter and shielding.

» The basic design of the microwave circuit are shown in the attached
drawing.

* The magnetron used is a standard home cooker device such as the
Matsushita model 2M244. These devices are manufactured in
quantities of tens of millions per year. These magnetrons are the only
cost effective high power microwave power source.



Fusion’s standard lamp design employs a double RF shield. The wire
mesh screen which surrounds the bulb defines a resonant cavity and
contains most of the microwave energy (see Fusion Lighting Patent

~ Number 5,811,936). TThis screen is designed to minimize RF leakage

while maximizing the amount of light that can pass through the screen.
The screen is plated to improve electrical conductivity, thus reducing
emissions and to improve reflectivity to aid the light's escape from the
bulb cavity. Increasing the thickness or density of the wire mesh will
reduce light output, making the lamp less efficient and increasing the
thermal load on the system.

To ensure that Fusion’s lamps are in full compliance with FCC
requirements throughout the life of the lamp, a second RF shield is
incorporated into each lamp. Each lamp is equipped with a metallic
reflector and an ITO coated cover glass. This combination acts as a
secend RF containment cavity around the bulb.

Fusion has made extensive studies of the feasibility of adding
additional RF screens and shield around the lamp. A summary of
these studies was provided to XM and Sirius Radio. The conclusion:
increasing RF shielding significantly reduces the light output of the
lamp, rendering the lamp non-competitive.

At the suggestion of the DARS group, Fusion Lighting studied the
possibility of employing notch filter specifically tuned to protect the
2.320-2.345 GHz band.

Both multi-pole band-pass and absorption matched band-stop filter
designs were investigated. All potential solutions were found to be
expensive, complex and physically large. A band-stop filter would
more than double the size of a lamp and would not achieve more than
10 to 15 dB of attenuation. The band-pass filter grows the lamp in a
similar manner. While capable of achieving more than 15 dB of
attenuation, it will cause a RF phase shift that will prevent the lamp
from starting properly and possibly destroy the magnetron.

7) Provide information on the nature and manner of any redesign to the present
product to ensure meeting the 18 uV/meter at 3 meter level for out of band
emissions in the DARS band.

Fusion knows of no economically feasible technical solution that would
ensure compliance with an 18 uV/meter limit at 3 meters. All potential
solutions we have considered both increase the cost of the lamp and
substantially reduce lamp efficacy. The adoption of any limit
significantly lower than the current FCC limit would effectively destroy
Fusion Lighting's business.
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(s7) ABSTRACT

A high power lamp which utiizes a lamp fill containing
sulfur or selenium, or compounds of these substances.
An eiectrodelass lamp utilizing such a fill at a pressure
at least as high as 1 atmosphere is excited at a power
density in excess of SO watis/cc. An arc lamp utilizing
the fill at a pressure at least as high as | atmosphere is
excited at a power density of at least 60 watts/cm.

45 Claims, 2 Drawing Shects
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1
LAMP INCLUDING SULFUR
This application is a continuation of Ser. No.
07/604,487, filed Oct. 25, 1990, now abandoned.

The present invention is directed to a new, high
power lamp. g

High power lamps are used for many iluminatién
applications. The incandescent and fluorescent lamps,
so familiar in homes and offices, do not provide enough
illumination for many commercial and industrial appli-
cations. In fact, the lamp which has gained acceptance
and whicli is typically used for high power illumination
is known as the high intensity discharge (HID) lamp.
This lamp is simple in structure, and generally consists
of a glass envelope which contains two electrodes und a
fill which vaporizes and becomes 2 gas when the lamp
is operated.

The fill in the HID lamp usually contains mercury as
its pnmary component. However, this is undesirabie
because mercury is a highly toxic and environmentally
hazardous substance, Thus, if a HID lamp should break,
dangerous mercury fumes wouid be emitted, and after
the usefu! life of the lamp is over, there is no easy way
to safely dispose of the mercury containing envelope.
The widespread use of mercury containing lamps has
been recognized as a serious environmental problem.

It is a feature of the present invention that instead of
mercury, a substance which contains suifur or seienium
is used in the lamp fill.

[n accordance with a first aspect of the present inven-
tion, elemental sulfur or selenium, or compounds of
these elements, is ingluded in a lamp fill. The fill is
present at a pressure of at least about | atmosphere, and
is excited with electromagnetic energy at a relatively
high power density. Each of the above-mentioned sub-
stances has a low vapor pressure at room temperature,
vet a high vapor pressure at typical lamp operating
temperatures. The preferred embodiment of the inven-
tion utilizes a sulfur fill.

In accordance with a further aspect of the invention,
elemental sulfur or selenium, or compounds of these
elements is used as the primary radiating component of
a lamp fill. The term “primary radiatung component’ as
used herein means that radiating component of the fill
which is preseat at at least about the same or greater
partial pressure than the other radiating fil! components
during operation of the lamp, or that radiating compo-
nent which is the sole radiating component in the fill.
The resuitant lamp of the invention avoids the environ-
mental hazards which are associated with mercury
based lamps. Additionally the performance indicators
for the lamnp are relatively good.

There are many ways to measure how good a lamp s,

3

o]

5

30

and amcngst those skilled in the lamp art the use of 55

various standardized performance indicators has arisen.
These include the luminous efficacy of the lamp, its
rated life, lumen maintenance, chromaticity, and color
rendering index (CRI). Finally, the stability of the color
of the {ight wiiich is emitted by the lamp is impoctant, as
this may change over time. The closer these accepted
indicators are to ideal, the better the performance of the
lamp.

As described above, the lamp of the invention avoids
the environmental hazards which are associated with
mercury based lamps, and additionally the resuitant
performance indicators for the lamp are relativety
gaod.

60
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In a first embodiment of the invention, a high power
lamp of the electrodeless type is provided, which is
powered by microwave energy. High power electrode-
less lamps are weil known in the art, but have generally
if not always contained a mercury fill. Additionally, the
lamps have primarily besn used for their output in the
ultravioiet rather than the visible portion of the spec-
trum. In the electrodeless lamp of the inventien, a high
pressure fill at least as high as 1 atmosphere is utilized,
which includes sulfur or selenium, or a compound
thereof. Additionally, the fill may include 2 gas such as
argon or xenon. The high pressure fiil is excited at
power densities in excess of 50 watts/ce, and preferably
1n excess of 100 warts/ce. Furthermore, various addi-
tives such as metal halides, arsenic boron, etc., may be
included in the fill to emphasize different areas of the
spectrum.

The etficiency of production of useful radiation of the
lamp of the invention is relatively high. In face, it is
significantly higher than for the conventional electrode-
less lamp which utilizes a mercury fill. The ability to
provide such a lamp is an unexpected result, as the fill
substances used in accordance with the invention have
a higher heat conductivity than mercury so that it
wouid be expected that more heat would be lost to the
bulb walls, and 1hat the efficiency of production of
useful radiation would be lower than with the mercury
lamp.

In a further embodiment of the invention, an arc lamp
which has electrodes is provided. This is simular to the
previously described mercury containing HID lamp,
but instead of mercury, the fill includes a sulfur or sele-
nium containing substance. As in the case of the elec-
trodeless lamp, the addition of additives to the fill may
be used to emphasize particular spectral regions. For
example, sodium might be used to increase the orange
and red radiation from the lamp.

In the prior art, low pressure, low power lamps are
known which have been used in the laboratory for the
scientific study of the spectrum {atomic spectroscopy).
It is conventional in such laboratory work to use each of
the elements of the periodic table, including the fill
substances proposed herein, as the fill for electrodeless
and arc lamps, 50 as to generate the atomic and molecu-
lar spectra of such elements. However, such lamps
would be wholly unsuitable as high power visible, il-
lumination sources. In fact, when the spectra gencrated
with the lamps of the present invention were compared
with the atomic or molecular spectrum generated by
the low power, low pressure atomic spectroscopy
lamps using the same fill, it was noted that for at least
some implementations of the present invention, the
ultraviolet part of the spectrum which appeured promi-
nently in the spectrum of the atomic spectroscopy
source was substantially and unexpectedly suppressed
in the lamp of the invention, thus resulting in higher
luminous efficacy, and in the generation of less harmful
ultraviolet radiation.

It 1s thus an advantage of the preseat invention that a
new, high power lamp is provided, which Jdoes not neert
to conlain mercury.

It is a further advantage of the invention that a new,
high power lamp bulb ts provided which does not need
{0 contain mercury.

It is a further advantage of the invention that a new,
high power lamp is provided which has refatively good
performance indicators.
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S
radiation principally within the visible range. A unique
feature of the lamp of the present invention may be that
it is a high luminous efTicacy lamp which emits princi-
pally molecular radiation.
A still further advantage of the electrodeless lamp
embodiment of the invention is that it is a compact, high

power, visible radiator. Thus, the diameter of the bulb is*

typtcaily oniy 2-3 cm, while outputs of about 140 lu-
mens/watt or greater are possibie.

A further embodiment of the invention is shown in
FIG. 2. This is an arc lamp 20 which is comprised of
quartz envejope 22 having eiscirodes 24 and 26, and
contatning {ill 28. To excite the fill, an A.C. voltage is
impressed across the eiectrodes, whereupon an arc dis-
charge occurs therebetween.

In accordance with the invention, the fill in envelope
22 includes a sulfur containing substance or a selenium
containing substance. In accordance with an aspect of
the invention, this fill substance is the primary radiating
component in the fill. The substance may be elemental
sulfur or selenium or compounds of these elements.
Additionally, 2 small amount of an additional gas to aid
in starting is provided, which can be an inert gas, such
as argon or xenon.

As in the case of the electrodeless lamp, the fill is
present at a high pressure of at least about | atmosphere
and preferably in the range of about 2-20 atmospheres.
This pressure is controlled mainly by the suifur or sele-
nium containing substance thereof, the partial pressure
of which is at least about | atmosphere. Additionally, an
electrical voltage is applied across the electrodes such
that a power density of at least 60 wats/cm, exists. The
electrodes 22 and 24 ar¢ made of or plated with a special
material, such as platinum, to prevent chemical reac-
tions with the fill gas, which may lead to electrode
detertoration. Electrode materials other than platinum,
which do not react with the fili gas, may be used.

In one implementation of the invention, the fill of
either an electrodeless or arc lamp is arranged so that
sulfur or selenium containing substance is the sole radi-
ating component in the bulb fiil. In such an implementa-
tion, the sulfur or selenium containing substance may be
the anly substance in the fill excapt for a small amount
of a gas to aid starting, e.g., argon Or xenon.

As a specific example of the invention, an electrode-
less quartz bulb of spherical shape having an internal
diameter of 2.84 cm was filled with 0.062 mg-moles/cc
of sulfur, and 60 torr of argon. When the bulb was
piaced in a microwave cavity and excited with micro-
wave energy at a power density of about 280 watts/ce,
visible light was emitted having a spectrum as shown in
FI1G. 3. The luminous efficiency of the lamp was about
140 lumens/watt. Additionally, it is noted from the
spectrum that there is minimai UV radiation beneuath
350 nm. This feature helps to increase the luminous
efficacy of the lamp and also enhances the safaty of the
lamp, as UV radiation is a health hazard. It is also noted
from FIG. 3 that the spectral plot is smooth and does
not contain sharp pesks, which results from the fact that
the lamp is principally a molecular as opposed to an
atomic radiator.

As a fucther specific example of the invention, an
electrodeless buib of spherical shape having an intermai
diameter of 2.84 cm was filled with 0.05] mg-moles/cc
of sulfur, 0.008 mg-moies/cc of cadmium and 0.003
mg-moles/cc of cadmium iodide. When the lamp was
excited with microwave energy at a power density of
280 watts/ce, visible light was emitted having a spec-
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trum as shown in FIG. 4. The luminous efficacy of the
lamp was about 134 lumens/watt. Additionaily, it is
noted that the spectrum has a shoulder at 580 nm, which
is caused by the CdS and another shoulder at 650 nm,
which is caused by the Cdl,.

A new, high power lamp which can be made without
mercury has thus been disclosed. While the lamp has
been described primarily as a high power visible source
of illumination, certain implementations may find use in
other areas of the spectrum, e.g., the U.V. Additionally,
while the invention has been illustrated in accordance
with specific embodiments, it should be understood that
variations falling within the spirit of the invention will
occur to thase skilled in the art, and the invention is to
be limited only by the claims which are appended
hereto and equivalents.

We claim:

1. An electrodeless lamp comprising,

a) an envelope of light transmissive matenal {or con-

taining a discharge,

b) a fill in said envelope which includes elemental
sulfur, the fill having 2 pressure of at least about !
atmosphere at operating temperature, and

c) excitation means for coupling electromagnetic
energy to said fill at a power density of at least 50
watts/ce for excitng said discharge.

2. The electrodeiess lamp of claim 1 wherein it is the

sulfur which primarily controls said fill pressure,

3. The electrodetess lamp of claim 1 wherein said fill
includes a gas for aiding in starting the discharge.

4. The electrodeless lamp of claim 1 wherein said
excitation means couples electromagnetic energy to
said {Hl at a power density of at least about 100
watts/ce.

5. The electrodeless lamp of claim 1 wherein said
excitation means includes means for generating micro-
wave energy which is coupled to said fill.

6. The electrodeless lamp of claim 3 wherein said fill
further includes a metal halide.

7. The electrodeless lamp of claim 3 wherein said fill
further inctudes a substance selected from the group of
arsenic, boron, and bismuth.

8. The electrodeless lamp of claim 1 wherein said {ill
in said envelope which inciudes efemental sulfur further
inciudes CdS.

9. An electrodeless lamp comprising,

a) an envelope which contaias a fiil in which elemen-
tal suifur is the primary radiating component, the
fill having a pressure of at least about [ atmosphere
at operating temperature, and

b) excitation means for coupling electromagnetic
energy to said envelope at a power density of at
least about 50 watts/cc to excite said fill.

10. The electrodeless lamp of claim 9 wherein the fill
further includes 3 gas for aiding in starting the dis-
charge.

11. The electrodeless lamp of claim 9 wherein said
excitation means couples clectromagnetic energy to
said fill at a power density of at lfeast about 100
watts/ce.

12. An electrodeless lamp comprising,

a) an envelope of light trunsmissive material for con-
taining a discharge,

b) a fill in said envelope which includes elemental
selenium, the fill having a pressure of at least about
| atmosphere at operating temperature, and
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The invention will be better appreciated by referring
to the accompanying drawings, wherein:

FIG. 1 shows a first embodiment of the invention.

FI1G. 2 shows a further embodiment of the invention.

FIG. 3 is a spectral plot for an electrodeless lamp
utilizing a sulfur bulb fll. ?

.

- o
FIG. 4 is a spectral plot for an electrodeless iamp

utilizing 2 buib fill containing suifur and cadmium io-
dide.

Referring to FIG. 1, a first embodiment of the inven-
ticn is depicted. Lamp 2 is an electrodeless lamp which
is powered by microwave energy. Bulb 3, which con-
tains a high pressure fill. and is made of quartz or other
suttable material, is supported in a microwave cavity,
which 1s comprised of conductive housing 4 and mesh 5.
Magnetron 6 generates microwave snergy, which is fed
by waveguide 7, 1o coupiing slot 8 of the microwave
cavity.

This exc:tes the bulb fill to a piasma state, whereupon
light 15 emitted by the fill, which is transmitted out of
the cavity through mesh 5. The mesh is metallic, and s
constructed so that it is substantially opaque to micro-
wave energy, while being substantially transparent to
the light which is emitted by buib 3. The buib is rotated
by rotator 9, and the bulb envelope is cooled by gas
which is fec in to plenum 10 and out through nozzies 11.

In accordancs with an aspect of the invention, the fill
in bulb 4 includes elemental sulfur or selenium, or a
ccmpound of one of these elements. In aceordance with
a further aspect of the invention, this substance is pres-
ent as the pnimary radiating component of the bulb fill.
It is further desirable to use a {ill component which aids
in starting the discharge, and for example, a small
amount of an inert gas, such as argon or xenon may be
used for this purpose.

The lamp which is shown in F1G. 1 may be charac-
terized as a high power, high pressure lamp. Thus, the
fill in bulb 3 is present in amounts such that the fill
pressure is at least one atmosphere or above at operating
temperature, and is preferably 2 to 20 atmospheres.
Additionally, the amplitude of the microwave energy
which is fed to the cavity is such that the power density
of the energy which is coupled to the fill is at Jeast 50
watts/cc, and preferably in the range of 102 o 400
watts/cc. It should be understood that the absolute
amount of the primary fill component in soiid form
which is used in the bulb may vary depending on which
substance is used, e.g., sulfur or selenium, but the
amount always will be such 10 produce the desired
pressure range at operating temperature, i.c., the tem-
perature of the buib during normal operation at a power
density of 50 watts/cc or greater. The f{ill pressure is
mainly controlled by the primary fill component, which
typtcaily has a substantially higher partial pressure than
that of the inert gas when the lamp is operational. Fur-
ther, the illumination provided by the lamp shown in
FIG. 1 may be augmented in various regions of the
spectrum by including certain additives in the fill. By
way of non-limitative examples such additives may
include metal halides, arsenic, baron, carbon and bis-
muth. Exampies of some of the many metal halides
which can be used are Cdl;, HgCl, and Inl;. Also, in
certain implementations, the addicon of some mercury
may improve operation by reducing the restrike time of
the lamp.

As noted above, in addition (o using suifur, selenium,
and phosphorous 1 elemental form, compounds of
these elements may be used. For example, CS;, InS,
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AS1S3, Se03y, and SeCls, as well as other compounds of
sulfur and selenium, may be used. The term “a sulfur
containing substance™ as used herein, includes both
elemental sulfur and sulfur compounds, while the same
is true for the corresponding terms as applied to selc-
nium. It should be appreciated that the primary radiat-
ing component of the fill may be comprised of a combi-
nation of a sulfur containing substancs or substances
and selenium containing substance, rather than only one
of these substances. Additionally, the primary radiating
component may be comprised of a mixture of the eie-
mental form and a compound(s) of a parttcular sub-
stance, e.g., sulfur.

While microwave energy is the preferred mode of
excitation of lamp 2, it would also be possibie to provide
excitation with electromagnetic energy in the radio
frequency range. Since this typically wouid involve
wrapping an excitation coil around the bulb, which
would obscure some of the emitted light, the micro-
wave mode of excitztion is preferred. However, the
term “electromagnetic energy”, as used herein, refers to
both microwave and r.f. modes. Also, while the micro-
wave cavity which is illusirated in FIG. 1 does not
include a reflecror, a reflecting cavity could also be
used.

As mentioned above it appears that the performance
indicators of the lamp of the invention are relatively
good. In this regard it is noted that electrodeless lamps,
which have heretofore besn used ma:inly to produce
ultraviolet as opposed to visible light, tend to maintain
their lumen output at a high level for a longer period of
ttme than arc lamps, and this may be 2n advantageous
property of the electrodeless lamp embodiment of the
present invention.

An additional advantage of the present lamp is that
the primary radiating fill component may be a single
eiement. Thus, the most common type of HID lamp
presently used for high power illumination applications
is the metal halide type HID lamp, wherein mercury is
combined with the halide of another metal or metals in
order to achieve the desired spectral cutput. A com-
monly used combination is Hg+ Scl+Nal. The partial
pressure of the additive metals is determined by the
amount of metal halide in the lamp and by the tempera-
ture of the coldest spot on the lump. The resuit is that
vaniations in these parameters due to manufacturing
tolerances or lamp aging will cause changes in the par-
tial prassure of the additive, which in turn causes
changes in the amount of output and in the spectral
distribution of the output. On the other hand, since the
present lamp may have only a single radiating fill com-
ponent, or in accordance with an aspect of the invention
have a fill which consists essentially of a sulfur contain-
ing substance or a selenium containing substance, and an
inert gus, any effect caused by the parial pressures of
different fill components changing at different rates will
not occur.

A further advantage of the lamp of the invention is
that it may emit pnncipally molecular as opposed to
atomic radiation which resuits in a smoother spectrum
without peaks or abrupt transitions and possibly a better
color rendering index. In this regard it is noted that
non-metals have found little application as fill materials
in the prior art, and one reason for this is that the pri-
mary atomic spectral lines of the non-metals do not lie
in the visible region. [However, the present invention, at
least in certain implementations refies on molecular
radiation as the dominant source, and is able to provide
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a fill enclosed in said envelope including a sulfur
containing substance from which elementa! sulfur
molecules in gaseous form can be obtained upon
excitation, which is present in an amount such that
when said fill is excited by sufficient power in oper- 5
ation, the excited fill emits visible radiation from
the elemental sulfar molecules with substantially
all of the radiation from the elemental sulfur mole-
cules being emitted at wavelengths longer than
about 350 nm. 10

31. An electrodeless lamp, compnising,

a light transmissive envelope for containing a dis-
charge,

a fill in said envelope which includes a sullur contain-
ing substance from which elemental sulfur in gase-
ous form is obtained upon excitation, which is pres-
ent in an amount such that when said fill is excited
with sufficient power, the excited fill emits visible
radiation from the elemental sulfur, with substan-
tially all of the radiation from the elemental sulfur
being emitted at wavelengths longer than about
350 nm, and

means for exciting said fill with sufficient power to
cause said elemental suifur to emit said visible radi-
ation and said radiation, substantially all of which is
emutted at wavelengths longer than about 350 nm.

32. The clectrodeless lamp of claim 31 wherein said

means for exciting applies microwave or r.f. power to

33. The electrodeless [amp of claim 31 wherein said 0

clemental suifur is the primary radiating component.

33. The electrodeless lamp of claim 31 wherein said

clemental suifur emits’' more radiation than any other

35. An elecirodeless lamp comprising,

a) an envelope of light transmissive material for con-
taining a discharge,

b) a fill present in said envelope which includes a
sulfur coniaining substance from which elemental
sulfur in gaseous form is obr2ined upon excitation,
the fill being present in an unexcited lamp in an
amount such that a pressure of at least about one
atmosphere is created and the elemental sulfur
emits principally motecular radiation in the visible
region when the fill is excited with sufficient
power, and

¢) excitation means for coupling power to said fill
which is sufficient to cause said elemental sulfur to
emit said principally molecular rudiation in the
visible region.

36. The elevirodeless [amp of claim 3§ wherein said

elemental sulfur is the primary radiating component.

37. The electrodeless lamp of claim 35 wherein the

elemental sulfur emits more radiation then any other s5
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substance in the excited fill.

38. The electrodeless lamp of claim 35 wherein the
excrtation means comprises means for coupling power
to said fill, at a power density of. at least about 50

39. An electrodeless lamp compnsing,
a) an envelope of light transmissive material for con-

taining a discharge,

65
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b) a fill present in said envelope which inciudes a
sulfur containing substance from which elemental
sulfur in gaseous form is obtained upon excitation,
which is present in an amount such that when said
fill is excited with sufficient microwave or r.f.
power, the excited fill emits visible radiation from
the elemental sulfur, with substantially all of the
radiation from the elemental sulfur being emitted at
wavelengths longer than about 350 nm and with
the elemental sulfur emitting more radiation than
any other substance in the fill, and

¢) excitauon means for coupung microwave or r.f.
power to said fill which is sufficient 1o cause said
elemental sulfur to emit said visible radiation and
said radiation, substantially all of which is emitted
at wavelengths ionger than about 350 nm.

49. An arc lamp, comprising,

a light transmissive envelope which inciudes efec-
trodes,

a fill enciosed in said envelope including a sulfur
conlaining substance from which e¢lemental suifur
moiecules in gaseous form can be obtained upon
excifation, which is present in an amount such that
when said fill is excited by sufficient power in oper-
ation, the excited fill emits visible radiation from
the elemental sulfur with substantially all of the
radiation from the elemental sulfur being emitted at
wavelengths longer than 350 nm, and

means for exciting said fill by the application of sufTi-
cient power to satd electrodes to abtain said ele-
mental sulfur molecules in gaseous form which
emit said visible radiation and said radiation, sub-
stantially all of which is emitied at wavelengths
longer than about 350 nm.

41, The apparatus of claim 40 wherein said elemental
sulfur emits more radiation than any other substance in
the fill.

42, An electrodeless [amp comprising,

a) an envelope of light transmissive material for con-

taining 2 discharge,

b) a fill present in said envelope which inciudes a
selenium containing substance from which elemen-
tal selenium in gaseous form is obtained upon exci-
tation, the {ill being present in an unexcited lamp in
an amount such that a pressure of at least about one
atmosphere is created and the elemental selenium
emits molecular radiation principaily in the visible
region when the fill is excited with sufTicient mi-
crowave or r.f. power, and

c) excitation means for coupling microwave or r.f.
power to said fill which is sufficient 1o cause said
elemental selenium to emit said molecular radiation
principaily in the visible region.

43. The electrodeless lamp of claim 42 wherein said

elemental selenium is the pnmary radiating component.

43. The electrodeless lamp of claim 42 wherein the
eiemental selenium emits more radiation then any other
substance in the excited fill.

45. The electrocleless lamp of claim 42 wherein the
excitation means comprises means for coupling power
to sad fill, at a power density of at least about SO
watts/cc.
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c) excitation means for coupling electromagnetic

encrgy to said fill at a power density of at ieast 50
watts/ce for exciting said discharge.

13. The electrodeless lamp of claim 12 wherein said
excitation means couples electromagnetic energy_to
said fiil at a power densisy of at least about ‘300
watts/cc.

14. The electrodeless lamp of claim 13 whersin said
fill further includes a gas for aiding in starting the dis-
charge.

15. The efectrodeless lamp of claim 14 further includ-
ing a fil! additive for emphasizing a particular region of
the spectrum.

16. An electrodeless lamp comprising,

a) an envelope of light transmissive material for con- *

taining a discharge,

b) a fil! in said envelope in which elemental selenium
Is the pnimary radiating component, the fill having
a pressure of at least about | atmosphere at operat-
ing temperature, and

c) excitation means for coupling electromagnetic
energy to said fill at a power density of at least 50
watts/cc for exciting said discharge.

17. An arc lamp, comprising,

a) an envelope of light transmissive material which
includes electrodes,

b) a fill in said envelope consisting essentially of sele-
nium and a gas for aiding in starting the discharge,
the fill having a pressure of at least about | atmo-
sphere, and

,©) excitation means for applying a voltage to said
electrodes for coupling energy to said fill at a
power density of at least 60 watts/cm.

18. An arc lamp comprising,

a) an envelope including electrodes which contains a
fill in which elemental selenium is the primary
radiating substance, the fill having a pressure of at
least about | atmosphere at operating temperature,
and

h) excitation means for applying a voltage to said
elecirodes for coupling energy o said fill at a
power density of at least 60 watts/cm.

19. An zlectrodeless lamp comprising,

a) an envelope of light transmissive material for con-
taining a discharge;

b) a fill in said envelope consisting essentially of ele-
mental sulfur and an inert gas, the fill having a
pressure of at least about one atmesphere 2t operat-
ing temperature; and

¢) excitation means for coupling microwave energy
to said fill at a power density of at least 50 watts/cc
for exciting said discharge to emit radiation.

20. An arc lamp, comprising,

a) an envelope of light transmissive material which
includes electrodes,

b} a fill in said envelope consisting essentially of ele-
mental sulfur and a gas for aiding in starting the
discharge, the fill having a pressure of at jeast about
one atmosphere at operating temperature, and

¢) excitation means for applying a voltage to said
electrodes for coupling energy to said fill at a
power density of at least 60 watts/cm.

21. An arc lamp, comprising,

a) an envelope of light transmissive material which
inciudes electrodes,

b) a fill in said envelope in which elemental sulfur is
the primary radiating component, the fill having a
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pressure of at least about ! atmosphere at operating
temperature, and

¢) excuatnon means for applying a voltage to said

electrodes for coupling energy to said fill at a
power density of at least 60 watts/cm.

22. An electrodeless lamp buib comprised of a light
transmitting envelope which contains a fill which in-
cludes elemental sulfur and an inert gas in such amounts
to produce a fill pressure of at least ane atmosphere a1
operating temperature, with the partial pressure of the
sulfur being substantially greater than the partial pres-
sure of the inert gas.

23. An electrodeless lamp bulb comprised of a light
transmitting envelope which coatains a fill in which
elemental sulfur ts the primary radiating component, the
fill also including an inert gas, the elemental sulfur and
inert gas being present in amounts to produce a fill
pressure of at least I atmosphere at operating tempera-
ture.

24. An electrodeless lamp bulb comprised of a light
transmitting envelope which contains a fill which in-
cludes clemental selenium and an inert gas in such
amounts to produce a fill pressure of at least | atmo-
sphere at operating temperature, with the partial pres-
sure of the selenium being substantially greater than the
partial pressure of the inert gas.

25. An arc lamp bulb comprised of a light transmit-
ting envelope which includes electrodes and which
contains a fill in which elemental suifur i1s the primary
radiating component, the fill further including an inert
gas, and having said elemental sulfur and said inert gas
present in amounts so as to produce a fiil pressure of at
least | atmosphere at operating temperature.

26. An arc lamp bulb comprised of a light transmit-

ting envelope which includes electrodes and which

contains a fill in which elemental selentum is the pri-
mary radiating component, the fill also including an
inert gas, said elemental selenium and said inert gas
being present in amounts so that a fill pressure of at least
one atmosphere is produced at operating temperature,
the fill pressure being primarily controlled by the sele-
nium.

27. An arc lamp bulb comprised of a light transmit-
ting envelope which includes electrodes and which
countains a fill consisting essentially of elemental sele-
nium and an inert gas, said elemental selenium and said
inert gas being present in amounts to produce a fill
pressure of at least one atmaosphere at operating temper-
ature.

28. A lamp buib faor providing visible radiation when
in operation, comprising,

a light transmissive envelope, and

a fill in said envelope including elemental sulfur in

gaseous form which is obtainable when said fill is
excited by sufficient power in operation, in an
amount such that the excited fill emits visible radia-
tion from the elemental sulfur with substantially all
of the radiation from the elemental suifur being
emitted at wavelengths longer than ahout 350 nm.

29. The lamp bulb of claim 28 in combination with,

means for exciting said fill with suflicient power (o

obtain said elemental suifur in gaseous form during
operation which emus said visible radiation and
said radiation, substantially all of which is emitted
at wavelengths longer than about 350 nm.

30. A lamp bulb for providing visibie radiation, com-
prising,

a light transmissive envelope, and
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{57) ABSTRACT

Apparatus for c{licicntly exciting an electrodeiess Jamp to
produce visible light. A source of microwave encrgy is
coupled to a cylindrical cavity which encloses an electrode-
less lamp. The cylindrical cavity includes a sidewall and end
wall which is made from a mctallic mesh which passes light
produced from the electrodeless lamp. The electric field
intensity within the cylindrical cavity is increased in the
region above the lamp center. The increased electric field
intensity produces a more uniform temperature across the
bulb scrvice, increasing the rate of plasma heating of gas
molecuies in the lamp.

10 Claims, 5 Drawing Sheets
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11, and provides circumferential temperature uniformity to
the lamp 11, Lthus prolonging its life.

The electrodeless lamp 11 is shown inside cylingtical
cavily 10 which may include an apertured surface to emit
light from the lamp 11 while confining the electromagnetic
radiation within the cylindrical cavity. The cylindrical cavity
10 has sidcwalls and an end wall 10a@ which may bc made
from a mctallic mesh or screen which emits light.

The apertured portion of the cavity 10 is clamped via a
clamp 19 to cylindrical flange 15 bolicd to the surface of the
waveguide 23, forming the top of housing 20. A transparent
protcction dome 16 is placed over the cavity 10.

The lamp 11 includes a top ponion 1la above the lamp
center 116, which is subject to a local temperature difler-
cntiai with respect to the remaining portion of the lamp 11.
When a TE,,, mode is supported within the cavity 10, the
clectric field in the region of lamp portion 1la is decrcasing
in intcnsity, and microwave illumination of the lamp, par-
ticulariy tn the region 1la. is non-uniform, rcsulting in
uneven heating of the lamp 1L

The sulfur or selenium molecules within the lamp 11 are
uncvenly heated and may produce a dark, light impermeablc
region in a portion lla of lamp 11 above the center of the
lamp 116, This reduces the amount of light which is gen-
erated through portion 11a. decreasing total light output and
making light output non-uniform over the surface of lamp
11. FIGS. 2 and 3 depict different views of the lamp 11
described in FIG. 1, wherc fcatures identical to those in FIG.
1 arc designated by the same reference numerais and are not
further described herein.

F1G. 4A iltustrates the ficld distribution within the cylin-
drical cavity 10 which was used in the prior art which
identifies the source ol uncqual heating of the lamp 11
supported on shaft 12. The solid line represents the sinusoi-
dal elcctric field distribution of a TE,,, propagation mode
supported within cylindrical cavity 10 with end 10a in the
abscnce of a lamp. The portion of the TE,;, clectric ficld
distnibution adjacent region 1la, is descending in electric
ficld (E) strength with the maximum intensity below the
lamp center 11(b). Less energy is thus absorbed by the
electrodeless lamp in region 1la, resulting in a lower tem-
perature than in the region opposite the ascending portion of
the electric field distribution.

In the presence of the lamp, the broken line iljustrates how
the electric field strength rapidly reduces in the region 1la,
resulting in a lower temperature, producing a light-absorb-
ing gas in sulfur- and selcnium-filled lamps. Light produc-
tion in rcgion 1la suffers due to the light absorbing gas.

In accordance with a preferred embodiment of the inven-
tion, the cavity 10 is a cylindrical cavity having end 10a
supporting a TE, ,, propagation mode. The cylindrical cavity
10 may be configured in length and dimensions in accor-
dance with a conventional mode chart for right circular
cylindrical cavities as described in the text “Introduction to
Microwave Theory and Measurcments™ to support a TE,
propagation modc. The TE, , mode, as shown in FIG. 4B,
provides for an elcctric ficld distribution along the axis of the
cylindrical cavity 10 with end 10a which has two sinusoidal
peaks associated with it. The second sinusoidal peak is
located such that an ascending increasing intensity of the
clectric ficld (E} is adjacent the region 1la of the electrode-
less lamp 11 with shaft 12, increasing the clectric ficld
strength in the region 11a above the lamp center 11(b). The
increased clectric ficld intensity in this region increases the
temperature of region 1la, reducing the amount of light
absorbing gas which forms at the top of the clectrodcless
lamp 1la.

20

25

30

35

40

45

50

65

4

The length of the cylindrical cavity 10 is sclected so that
the lamp 11 may be supported on shaft 12 far enough away
from the slot 24 to avoid coupling of the fringe field
associated with slot 24 with the lamp 11 as shown for
cxample in FIG 1.

The increased clectric ficld at the top of the lamp provides
a morc uniform discharge and prevents the formation of
studge or higher order molecules which degrade the lamp's
light gencration efficicncy. The rate of cnergy absorption,
particularly in a sulfur plasma within the lamp, is increased
near the top of the lamp, increasing plasma heating of the gas
moiecules.

In the TE,,; modc, positioning the bulb further down the
cavily where the electric field intensity is rising would resuit
in beuter heating of the top of the lamp. However, this would
rcduce the optical access to the lamp, and would promote
ncar ficld interaction with the fringe ficlds produced at the
boundary between the cylindrical cavity 10 and the siot 24
of the waveguide 24.

Other techniques for locally increasing the electric field
intensity near the top of the Jamp 11 are shown in FIGS. 5A,
5B, 6A, 6B, 7A and 7B. These techniques do not require the
TE,,, resonant mode. These alternative technigues are illus-
trated using refcrence numerals which are common to the
cmbodiment of FIGS. 1-3 and 4B.

FIGS. 5A and 5B show a narrowing of the cavity 10 in the
region 1la (sce FIG. 5A) of the lamp to create a restriction
30 (see FIG. 5A) for increasing the electric ficld intensity in
region 11a.

FIGS. 6A and 6B illustrate an iris 31 which is located
within the cylindrical cavity 10 at a location opposite region
11a (see FIG. 6A) for increasing the electric field intensity
in the region above the lamp center 11b.

FIGS. 7A and 7B illustrate the use of a suspended
torroidal metallic ring 32 which increases the field intensity
in the region 11a of the lamp 11 (see FIG. 7A).

Each of the foregoing embodiments achieves the objec-
tive of maintaining the lamp 11 sufficiently distant from the
slot 24 to avoid coupling with the fringe field produced from
the coupling slot 24. Further, the height of the lamp 11 from
the housing 20 permits full optical access to the lamp.

Thus, there has been described with respect to several
embodiments, a technique for efficiently illuminating an
clectrodeless bulb which avoids local temperature differen-
tials in the bulb, thus increasing light output. Those skilled
in the art will recognize yct other embodiments of the
invention as described more fully by the claims which
follow.

What is claimed is:

1. An apparatus for exciting an electrodeless lamp with
microwave cnergy comprising:

a source of microwave cnergy;

a cylindrical cavity coupled to said source of microwave
energy, having a plurality of light emitting apertures,
said cylindrical cavity supporting microwave energy
coupled from said source having an electric field which
varies sinusoidally along an axis of said cylindrical
cavity; and

an clectrodeless lamp supported for rotation on a motor
driven shaft in said cylindrical cavity along the axis of
said cavity at a location which is distant from a Jocation
which produces {ringe fields from coupling said micro-
wave source to said cylindrical cavity, and located so
that a portion of said electrodeless lamp above a center
of said electrodeless lamp is illuminated by a portion of
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APPARATUS FOR EXCITING AN
ELECTRODELESS LAMP WITH AN -
INCREASING ELECTRIC FIELD INTENSITY"

The present invention relates to the ficld of apparatus for
cxciting electrodeless lamps. Specifically, an apparatus for
uniformly radiating an clectrodeless lamp with improved
illumination eflicicncy is described.

Elcctrodeless lamps have becn cmployed in the past to
generate high inlensily radiant light in excess of 100.000
lumens. These devices arc used in industrial lighting in both
indoor and outdoor applications. Among the advantages of
electrodeless lamps is an enhanced life of between 10,000
and 20,000 hours. Further, greater power efficiency is
oblained than with other conventional light sourccs.

Elcctrodeless lamps may be designed to emit mostly
infrared light, ultraviolet light or visible light. In applica-
tions whercin visible light is nceded, eicclrodeless lamps are
sulfur or sclenium filled to producc mostly visible light.
Other lamps of other maternials, such as mercury, can be uscd
to gencrate ultraviolet and infrared light in industrial appli-
cations where these wavclengths of light are needed.

Sulfur and selenium filled lamps have a light output
which can be affected by local temperatures within the lamp.
These gas-filled lamps show dark bands, particularly along
the top thereof, when the lamp surface is not uniformly
heated. Cooler portions of the lamp can produce discolora-
tion which absorbs light disproportionately from the remain-
ing portion of the lamp surface. Temperature diffcrentials
within the bulb are very often the result of an uneven field
distribution of the microwave cnergy which is supported by
a resonant cavity containing the lamp. The uncven field
distribution produces an uneven discharge which in tum
produces “sludge”, a dark gas containing higher order sulfur
molecules which degrade the lamp’s performance. There-
fore, in order to avoid the consequences of local temperature
difTerentials within the lamp, the microwave illumination of
the bulb should produce a uniform temperature across the
surface of the lamp.

Other circumstances which impact on the cfliciency of
illumination of the electrodeless lamp include intcraction of
the fringe field produced between the microwave energy
source and the cavity with the electrodeless lamp. The lamp
can distort the coupling fields betwcen cavity and micro-
wave cnergy source, introducing an impedance mismatch
and consequent power loss, lowering the system’s efliciency.

SUMMARY OF THE INVENTION

It is an object of this invention to efficicntly illuminale an
clectrodeless lamp with microwave encrgy.

It is a more specilic object of this invention to provide [or
a microwave illumination ficld which heats an clectrodeless
lamp uniformly over its entire surface.

It is yet another object of this invention to increasc Lhe
amount of visible light gencraled by a microwave illumi-
nated clectrodeless lamp.

These and other objects of the invention arc provided for
by a microwave illumination system which improves the
clectromagnetic ficld distribution about an clectrodeless
lamp so that portions of thc lamp which run cooler arc
exposcd to an ascending or increasing clectric field intensity.
The clectrodeless lamp is supported for rotation in a cylin-
drical cavily about the cavity axis. The cylindrical cavity has
an apertured surface which cmits light generated by the
elcctrodeless lamp when excited by microwave cnergy.
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Control over the clecwromagnetic field distribution is
accompiished in a preferred embodiment of the invention by
configuring the cylindrical cavity to support the TE,,
resonant mode. In this mode, an ascending portion of the
clectric ficld can be positioned adjacent the portion of an
clectrodeless lamp which would normally remain cooler,
increasing the clectric field intensity, thus raising the tem-
perature of the normally cooler portion of the lamp.

In other embodiments of the invention, a locai disconti-
nuity is introduced in the cylindncal cavity wall, increasing
the clectric ficld intensity on the portion of the ¢lectrodeless
lamp which normally runs cooler than the remaining portion
of the lamp.

DESCRIPTION OF THE FIGURES

FIG. 1is a plan view ol an apparatus for gencraling light
from an electrodeicss bulb.

FIG. 2 is an cnd view of the apparatus of FIG. 1.

FI1G. 3 is a top view of the apparatus of FIG. 1.

F1G. 4A illustrates the electric field distribution within a
cylindrical cavity when excited with a TE111l mode as is
known in the prior art.

FIG. 4B illustrates the improved ficld distribution from a
TE112 mode.

FIG. 5A is a section vicw of a cylindrical cavity having a
restriction along its length for increasing the electric ficld
near the lop of an electrodeless lamp.

FIG. 5B is a top view of FIG. 5A.

FIG. 6A illustrates an iris supported in the cylindrical
cavity for increasing the electric field near the top of the
electrodeless lamp.

FIG. 6B is a top view of FIG. 6A.

FIG. 7A illustrates a torroidal ring within the cylindrical
cavity for increasing the clectric field ncar the top of the
clectrodeless lamp.

FIG. 7B is a scction view of FIG. TA.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 1, 2 and 3, there is shown respectively,
plan, end and top views of an apparatus for generaling light
from an clectrodeless lamp 11. The electrodeless lamp 11, in
the preferred embodiment of the invention, contains either
sulfur or sclenium, which, when excited with microwave
energy, generates primarily visible light. The apparatus of
FIG. 1 includes a housing 20 which is open along the top,
and which encloses a filament transformer 26 for providing
filament current to a magnetron 22, a motor 14 for rotating
an electrodeless lamp 11, and a cooling fan 25 for providing
cooling air (o the magnetron 22.

The magnetron 22 is a commercially available magnctron
operating at approximately 2.45 GHz. The magnctron 22 has
an antenna 22a coupled to a waveguide section 23 which
enters the housing 20 and closes the top of housing 20.
Wavcguide section 23 couples the microwave cnergy from
magnetron 22 to a longitudinal slot 24 on the top wall of the
waveguide. Microwave cnergy coupled through slot 24
propagates along the longitudinal axis of cylindrical cavity
10 towards end 10a.

The electrodeless lamp 11 is supported on a shaft 12
which is coupled via coupling 13 to thc motor 14. As is
known in the electrodeless lamp art, rotation of the lamp 11
at several hundred RPM creates a uniform plasma in lamp
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said cicctric ficld which is increasing in intensity along
the length of said cavity, whereby said clectrodelggss
lamp has a surfacc arca which is healed at a substan-
tially constant temperature across the surfacc arca
thereol.

2. The apparatus [or cxciling an clectrodeless lamp
according to ciaim 1, wherein said cylindrical cavily
includes a toroidal ring along the length of said cylindrical
cavily for incrcasing said clectric field intensity.

3. The apparatus for exciting an clcctrodcless lamp
according to claim 1, whercin said cylindrical cavity has a
length and diamcter which support a TE,,, modc of opera-
tion.

4. The apparatus for exciting an cleclrodeless lamp
according to claim 1, whercin said cylindrcal cavity
includes an iris along said length for creating said increasing
clectric ficld intensity.

5. An apparatus for producing high intensity visible light
comprising:

a housing supporting at onc ¢nd thercol a3 magnetron and
at an opposite end thereof a cooling fan which supplies
forced air to said magnetron, and further including a
motor with a driven shaflt extending through said hous-
ing;

an clectrodceless lamp supporiced on said driven shaft; and,
a light emitting cylindrical cavity supported on said

20

25
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housing, said cylindnical cavity enclosing said clec-
trodcless lamp, and coupled through said housing (o
said magnetron, whercby microwave cnergy generated
by said magnetron is coupled to said cavity, said cavity
supporting an clectric ficld which increases in intensity
along a longitudinal axis of said cylindrical cavity in a
region abovc a center of said lamp and adjacent an end
of said electrodeless lamp, thereby decreasing local
temperature variations in said lamp.

6. The apparatus of claim 5, wherein said cavity supports
said microwave encrgy having an TE,,, mode.

7. The apparatus of claim 5, wherein said cavity includes
means located above the center of said electrodelcss lamp
for increasing the elcctric field intensity in the region above
said lamp center.

8. The apparatus of claim 7, wherein said means located
above said lamp center includes a toroidal ring connected to
said cavity.

9. The apparatus of claim 7, wherein said means located
above said center of said lamp comprises a restriction for
narrowing a width of said cavity.

10. The apparatus of claim 7, whercin said means located
above said lamp center includes an ifis in said cavity.
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[57) ABSTRACT

A microwave powered electrodeless lamp includes an
improved screen unit having mesh and sohd sections with an
inmternal reflector to reflect light into a light-transmutting
chamber defined in the lamp microwave cavity by the
reflector and the mesh section. A discharge envelope of a
bulb is disposed in the light-transmitting chamber. Light
emitted from the envelope is prevented by the reflector from
entering the cavity portion bounded by the solid section of
the screen. Replacing mesh material by solid metal material
as part of the screen unit significantly reduces leakage of
microwave energy from the lamp. The solid section has
multiple compliant fingers defined therein for engaging the
periphery of a flange on the waveguide unit so that a hose
clamp can easily secure the screen to the assembly. Screen
units of this type having different mesh section configura-
tions can be interchanged in the lamp assembly to produce
different respective illumination patierns.

20 Claims, 5 Drawing Sheets
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ONE PIECE MICROWAVE CONTAINER
SCREENS FOR ELECTRODELESS LAMPS

BACKGROUND OF THE INVENTIQN
. - Ca

1. Technical Field

The present invention pertains generally to microwave
powered electrodeless lamps and, more specifically, 10
improvements in screen structures used in such lamps to
block escape of microwave energy while permitting trans-
mission of light.

2. Discussion of the Prior Art

Lamps utilizing radio frequency (RF) energy lo excite
clectrodeless bulbs are well known. Examples of such lamps
may be found in U.S. Pat. Nos. 4,954,755 (Lynch et al),
5.227,698 (Simpson et al), 5,334,913 (Ury et al) and 5,404,
076 (Dolan et al). The disclosures 1n all of these patents are
e¢xpressly incorporated by reference herein. In lamps of this
tvpe microwave energy is coupled from a magnetron or
other RF source to the lamp bulb via a coupling circuit
including a waveguide and a quasi-resonant cavity typically
defined, al least in part, by a screen unit. The waveguide
functions as an impedance matching device from the source
10 the cavity.

Prior art screen structures used in microwave powered
lamps are disclosed in numerous prior patents as represented
by the above-mentioned Lynch et al, Simpson et al, Ury et
al and Dolan et al patents, and in European Patent Specifi-
cation 0 153 745 (Yoshizawa et al). Such screens typically
surround a bulb envelope and serve to allow optical radia-
tion from the bulb to escape while forming a conductive
enclosure blocking escape of RF energy. Screen design has
generally involved an inherent compromise between these
factors. Specifically, screens having very low optical loss
tend to permit escape of undesirably large amounts of RF
radiation. On the other hand, elimination of RF radiation
generally incurs the penalty of diminishing optical transmis-
sion through the screen.

[n addition, in many prior art screens, a metallic nng is
attached 1o the screen base so that the ring can be fastened
to the waveguide. The inclusion of the ring as part of the
screen adds significant expense to screen fabrication.

Further, in producing a lamp product line, it is often
desirable to minimize the cost involved in permitting dif-
ferent optical configurations for different models of lamps.
In other words, a manufacturer would prefer to utilize as
many common components as possible from model to
model. Where components must be changed, ideally they are
inexpensive compoanents. It is advantageous, therefore, 10
provide a screen design that is inexpensive and configured
so thar the expensive components of a lamp assembly can
remain common to various {amp models having different
optical characteristics.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention to
provide an inexpensive screen enclosure for microwave
powered electrodeless lamps wherein optical transmission
and radio frequency blockage are optimized.

It is another object of the present invention to provide a
screen enclosure for a microwave powered lamp that is
Inexpensive to fabricate yet easily and inexpensively
secured o a waveguide.

In accordance with the present invention, a screen struc-
ture for a microwave powered electrodeless lamp includes a
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metal mesh section and a solid metal section. The mesh
section is transmissive to light and non-transmissive 1o
microwave energy at the operating frequency. The solid
section 1s non-transmissive to both light and the microwave
energy. In this regard, the term “solid” as used herein 1s
intended to distinguish from the mesh section and connotes
the absence of gaps or breaks in the structure.

In the preferred embodiment the mesh section has a right
cylindrical configuration with a mesh end cap at one end
thereof, and the solid section is configured as a right
cvlindrical section of like diameter extending coaxially from
the opposite end of the mesh section. A reflector, in the form
of an electrically non-conductive circular disk, has its annu-
lar edge secured at the annular juncture between the mesh
and the solid sections, and is disposed coaxially with both
the mesh section and the solid section with the reflector’s
reflective surface facing into the mesh section. The reflector
thus defines an optically isolated light transmission chamber
within the microwave cavity. An electradeless bulb has its
discharge envelope disposed within the light transmitting
cavity surrounded by the mesh section. The reflector is
centrally apertured to permit passage of the bulb stem
through the space bounded by the solid section of the screen
unit.

In its preterred form the screen unit 1s fabricated from two
members. A first member comprises a single thin rectangular
sheet of metal, preferably stainless steel, that is etched or
otherwise formed to provide the mesh and solid sections
therein. The mesh section is bounded along its exterior edges
by a narrow solid border, formed as a continuance of the
solid section, to facilitate assembly. The second member is
a circular metal mesh piece circumferentially bounded by a
parrow solid border. In assembling the two pieces to form
the screen unit, the rectangular sheet is first rolled into a right
circular cylinder such that opposite edges of the sheet are
joined. These edges, including the solid border portions of
the mesh section, are sealed together by suitable adhesive,
welding, or other bonding technique. The second member is
then secured as an end cap 1o the mesh seclion of the
cylinder by adhering together the solid borders at abutting
edges of the two members.

The rectangular sheet comprising the first member pref-
erably has a plurality of spaced slots defined inwardly from
the edge of the sheet opposite the mesh section. These slots
define “fingers” therebetween, the fingers being sufficiently
compliant to allow for a small deformation of the edge of the
screen unit that attaches to the waveguide. Specifically, these
fingers are defined along the annular proximal edge of the
screen unit that attaches to the waveguide. An annular
clamp, similar to a hose clamp, is used to secure the fingers
in place about the waveguide opening.

The above and still further objects, features and advan-
tages of the present invention will become apparent upon
consideration of the following detailed description of spe-
cific embodiments thereof, particularly when taken in con-
junction with the accompanying drawings wherein like
reference numerals in the various figures are ulilized lo
designate like components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially diagrammatic view in longitudinal
section of a lamp assembly employing a screen unit accord-
ing to the principles of the present invention,

FIG. 2 is a side view in clevation of the screen unit used
in the assembly of FIG. 1.

FIG. 3 is an exploded view in perspective of a portion of
the screen unit of FIG. 1 showing the manner in which it
attaches to the lamp assembly.
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FIG. 4 1s a broken detailed view in perspective of a
portion of the screen assembly of FIG. 3 showing a reflector
secured in the screen assembly.

FIG. 5 is a top view_in plan of an etched methl sheet used
to form the screen assembly of FIG. 2. b

FIG. 6 1s a side view in elevation of the lamp assembly of
FIG. 1 shown with a reflector module attached thereto.

FIG. 7 i1s a side view in elevation of an alternative
configuration of the screen assembly of the present inven-
tuon.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring spectfically to FIG. 1, a lamp assembly using
the screen unit of the present invention includes a lamp
module 10 comprising a housing for a magnetron 11 or other
microwave source, a filament transformer 13 supplying
filament current to the magnewron 11, and a motor 15 for
rotating a bulb and for driving a cooling fan in the form of
blower wheel 17. An air inlet 19 for fan blower wheel 17 is
defined in one end of the housing, and blower wheel 17
causes air to flow through the lamp module 10 to an air
outlet, as shown in FIG. 1.

Ascreen assembly 20 defines a microwave cavity wherein
a bulb 21 is disposed. Bulb 21 includes a generally spherical
discharge envelope 23 supported at the end of an elongate
cvlindrical stem 25. Stem 25 is secured to a drive shaft of a
motor 15 to permit the bulb 21 to be rotated about the
longitudinal axis of its stem 25. Bulb 21 has a fill material
contained in 1ts discharge envelope 23 such as, for example,
the matenal described in the above-referenced Dolan et al
patent. The bulb is made of quartz or other suitable material.

Microwave energy generated by magnetron 11 is fed by a
waveguide 27 to a coupling slot 29 providing ingress to the
microwave cavity defined by screen uait 20.

The screen unit 20 of the preferred embodiment is made
from two members, namely a right cylindrical member 30
and an end cap 40 (see FIG. 2). Each of these two members
is formed as a respective one-piece unit. Specifically, cylin-
drical member 30 is formed trom a single sheet 41 (see FIG.
5) of metal that has been etched to provide a metal mesh
section 42 and a metal solid section 43. Preferably, sheet 41
Is a stainless steel sheet having a thickness between 0.003
and 0.005 ioches. Mesh section 42 is etched through the
sheet, the etching pattern preferably being controlled by
computer so that virtually any location of the mesh section
or sections and any patlern and size of the interstices of the
mesh can be provided. The size and pattern of the interstices
are selected to minimize transmission of RF energy through
the conductive mesh. As shown in FIG. 5, in the preferred
embodiment mesh section 42 (also denoted by
“RFSCREEN" in FIG. 1) and solid section 43 are formed in
sheet 41 as adjacent rectangular secuions meeting al a
straight line juncture corresponding to the abutting mboard
edges of these two sections. The three outer edges of mesh
section 42 are bounded by a very narrow solid metal border
or sirip 44 formed as a continuance of solid metal section 43.
The longer outer edge of solid section 43 has multiple slots
etched therethrough and extending perpendicular to that
edge toward mesh section 42. These slots define multiple
finger-like members 45 which, because of the thinness of the
material of sheet 41 and the spacing of the slots, are
individually compliant to facilitate attachment of the screen
unit to the assembly in the manner described below.

As seen in FIGS. 2 and 3, during assembly sheet 41 is
rolled into a right circular cylinder such that mesh and solid
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sections 42 and 43 form respective adjacent cylindrical
sections for the resulting screen unit 20. In order 1o maintain
the final cylindrical form of the rolled sheet. opposite edges
of the sheet are slightly overlapped. ie., bv the width of
border 44, and then secured together by any suitable means
such as adhesive, welding, eic. In the resulting cylinder 30,
the end comprising fingers 45 defined in solid section 43 is
referred to herein as the proximal end of the cylinder; the
opposite end, bounded by the annular portion of border 44
of mesh section 42, is referred to herein as the distal end.

In an exemplary embodiment of the present invention, a
stainless steel sheet 41 is rectangular in shape and has a
thickness of 0.102 mm. The length and width of the sheet are
237.13 mm and 125.73 mm respectively. The width of solid
section 43 is 41.91 mm, and the width of mesh section 42 is
83.82 mm. Edge border 44 is 1.52 mm wide. Fingers 45 are
sixteen in oumber, extend 10.0 mm into solid section 43
from the edge of sheet 41, are separated by 1.3 mm wide
slots and are 13.4 mm wide. It is to be understood that these
dimensions are provided by way of example only and are not
in any way limiting on the scope of the invention.

As shown in FIG. 3. end member 40 is a substantially
circular mesh mernber formed from the same material and
by the same process as cylindrical member 30. The mesh end
member 40 is circumferentially bounded by a solid border
46. Border 46 and the annular portion of border 44 of
cvlinder 30 are joined together by crimping, welding or
other suitable technique to provide a mesh closure at the
distal end of the cylinder.

As best illustrated in FIGS. 3 and 4, a reflector 50 1akes
the form of a aircular disk having an outside diameter
substantially equal to the inside diameter of cylindrical
member 30. Reflector 50 is typically made trom fused silica
and has at least one surface 51 with an optically reflective
metal oxide coating which does not absorb microwave
energy. A small centrally located aperture 53 is defined in
disk 50 and is of sufficient size to permit stem 25 of the bulb
21 10 pass therethrough (as shown in FIG. 3). Reflector 50
is positioned coaxially within the microwave cavity at a
location corresponding to the anpular juncture of mesh
section 42 and solid section 43. In this manner reflector 50
effectively defines an optically isolated light transmission
chamber by optically closing off the proximal end of mesh
section 42 from the remainder of the microwave cavity
without affecting the quasi-resonant characteristics of the
overall cavity al the operating microwave frequency. Attach-
ment of reflector 50 10 the cylinder is achieved by placing
high temperature ceramic cement (e.g., Saurereisin™ bond
cement) at plural locations around the edges of the disk
where it conlacis screen unit 20.

The screen unit is secured to the lamp assembly 10 (see
FIGS. 1 and 3) by disposing fingers 45 circumferentially
about an annular flange 28 extending from the assembly

s housing. The compliance inherent in the finger structure

facilitates this placement. An annular hose clamp 60 (FIG. 3)
may then be placed circumferentially about the fingers and
then tightened by radial contraction to secure the fingers to
the flange 28. Coupling slot 29 from the waveguide is
located radially inward of flange 28 so that the microwave
energy from magnetron 11 can be delivered into the micro-
wave cavity defined by screen unit 20 as seen in FIG. 1.
As best seen in FIG. 1, in the assembled unit the bulb
discharge envelope 23 is disposed in the optically isolated
optical transmission chamber of the microwave cavity
defined circumferentially by cylindrical mesh section 42 and
at its ends by reflector 50 and end cap 40. Bulb stem 25



